Introduction
Physiographic conditions are factors that, in the process of spatial planning, limit opportunities for agricultural production as well as residential use of land. Physiographic conditions are linked to land use preferences, including their residential or agricultural potential. Agricultural production area in its substantive and measurable aspect [25, 17, 20] should be analyzed and evaluated in the context of the utility of its resources for agricultural needs. From the agricultural point of view, the core features of soils are quality and fitness for agricultural use. What is also important is the possibility of defining and evaluating cultivation difficulty or degree of soil erosion risk. These issues require a detailed analysis of relief configuration. Also it is necessary to confront the results of the study of land slopes with information about mechanical composition of soils. Another important element of the analyses is the land use map.
GIS tools play a crucial role in modelling spatial phenomena [6] , as they make it possible to conduct a comprehensive anlysis of available spatial data [16, 22] , including the modelling of erosion processes [5] .
The purpose of this article is to analyze and evaluate the resources of agricultural production area in the context of soil fitness for agricultural production and potential risk of surface water erosion.
Influence of Surface Water Erosion on Agricultural Production Area
The process of surface water erosion, defined a number of times [15] , although natural, brings about a set of unfavourable consequences from the point of view of agriculture [10] . Surface water erosion depends on the intensity of rainfall, soil suscetibility to washing and above all, the type of vegetation cover [12, 13, 5] . The phenomenon of erosion, often presented at a 5-point scale of intensity [9] , may be compound by intensive agriculture. That is why erosion is not only a natural problem but also an economic and social issue [10] . 20% of land in Poland is susceptible to erosion [5] . From the environmental point of view, erosion causes destruction, thereby reducing soil profile, washing out nutrients and transporting out the eroded materials [1] . From the economic point of view, soil productivity decreases, water melioration constructions and sometimes even roads are silted. The social aspect of post-erosional consequences is related to the need to apply additional fertilization of degraded land, which leads to yield reduction [10] . The fact that erosion processes have negative impact on agricultural production area justifies the need to consider soil protection against erosion in legal provisions. The Polish Act on the protection of agricultural lands and forests [24] states that the owner of the land is responsible for adverse effects of erosion in the landscape, whilst this is directly supervised by the local head of district [24] . The problem of preventing erosion and its effects also occurs in the context of agri-environmental programmes for the development of rural areas; soil erosion is one of the risks defined by the European Commission in the so-called Strategy for Soil Protection [3, 11] . Water erosion is measured and monitored with the help of photogrammetry and remote sensing by the modelling of erosion hazards [2] , which includes the measurement of slope gradients, sun exposure and length of slopes, surface area covered with grooves, vegetation cover, agriculture type as well as hydrographic and road network. The actual erosion effects are also studied with the help of experimental fields [5] . Traditional methods lean on stereographic or digital interpretation of aerial photos. They also include the interpretation of satellite photos or quantitative monitoring of erosion processes based on surface laser scanning [18] . Both the measurement and monitoring of erosion processes, which means examining the current state, and also the possibility of defining potential degrees of soil erosion by surface water are essential for the design of erosion control measures, including changes in land use, activities leading to increased landscape retention [7] and planning of the development of areas at risk of erosion in the process of spatial planning for communities. Undoubtedly, erosion processes hinder the possibilities of agricultural use of lands. On the other hand, areas threatened with erosion can in fact have potential for landscape development, for example, towards tourist or recreational functions [5] .
Analysis of Agrotechnical Challenges
The decision to change the type of land use of agricultural areas should be preceded by the analysis of soil gravity for cultivation. This issue meets with lower interest of the authors than the previously described erosion phenomena. The analysis of cultivation difficulty is a study that confronts relief configuration with soil texture class. Specialist literature provides a 7-degree scale of cultivation difficulty [8, 14] . The knowledge of agronomic difficulties may be crucial in taking decisions about land use changes, including removal of stones or change of soil texture class in the course of land recultivation. While erosion is associated with the occurrence of certain physiographic and climate conditions and their confrontation with the type of land use; the analysis of agronomic difficulties concerns only current cultivation within the agricultural production areaa; thus it solely refers to the agricultural use of arable lands. According to specialist literature [14] , difficulties related to mechanical composition of soil, which entail economic consequences may be linked to the need to use agricultural machines of strengthened construction and high-power engines. In the extreme case, heavily rocky land with steep slopes should be assigned for land use change in the first place.
Material and Methods
The models of potential surface water erosion and agronomic difficulties have been prepared based on the study of slopes illustrating slope classes and soil texture class of surface layer of soil. The study of slopes was prepared based on a digital terrain model prepared with the accuracy of 5 meters. It was generated with the help of krigging method with the use of Gauss function in SAGA GIS software. Source data was obtained from two independent sources: SRTM data [http://srtm.usgs.gov] in WGS84 (EPSG:3120) (Eng. Shuttle Radar Topography Mission) for southern Poland and a topographic map scaled 1:10,000 in 1992 layout (EPSG: 2180). Acquiring data from the topographic map included the digitalization of all level points within the area of the commune. The decision was made to digitalize an additional zone due to the possibility of the existence of artefacts withing the boundaries of DTM and included 200 meters beyond the area of the commune. The study of slope gradients was generated based on Geospatial Data Abstraction Library [4] built into QGIS software. The generated map of slopes was reclassified from continuous values into discrete values at fixed decline intervals. This procedure was performed with the help of the r.reclass algorithm used in GRASS software (Geographic Resources Analysis Support System) [http://www.grass.osgeo.org].
The obtained study of slopes was processed with the help of geoprocessingmultiplied by a matrix of objects representing: agricultural production area and soil and agricultural map. Soil map was created after calibrating and vectorizing the analog material on a scale of 1:5,000, whilst the map of agricultural production area was a selection of arable land from the map of agricultural land. The object on the resulting layer was, at this stage of the study, the smallest area of homogenous land use conditions, soils and slope gradient. Obtaining the study of cultivation difficulty or water erosion required the use of the command selecting a set of specific parameters and giving value to "rap" parameter according to the formula below, represented in Figure 1 . The final representation of results is a spatial classification of objects on the results layer based on a gradual scale of cultivation difficulty and water erosion. In both cases, it was decided to apply a transition of colour tone from the green colour gradient (for the lowest degree of difficulty and erosion) to red for the highest. Settlement of the surface of objects in each class and towns or villages was conducted with the help of procedures from the GROUP STAT software package -QGIS environment [21] . 
Results and Discussion
Multicriteria analysis of spatial data ( Fig. 1) made it possible to develop models of cultivation difficulty and potential risk of surface water erosion. It was also possible to generate spatial objects (Figs 2, 3 ) and tables (Tabs 1, 2).
The analysis was performed for the area of the commune of Tomice, situated in the district of Wadowice in the Małopolska region. Out of the total commune area of 41.5 km 2 , which consists of 7 villages, slightly more than 66% of land is designated in the local spatial plan as agricultural production area. The central part of the commune is cut across by the Skawa River, flowing from the south-east to the north-west, which also constitutes a border between the right bank part of the commune, diversified in terms of land relief and its left bank, which mainly includes flat plains. The specific land configuration and the vicinity of the river were the reasons why local soils have developed a very characteristic soil texture class.
Based on the spatial model of cultivation difficulty in Tomice commune (Fig. 2) it can be seen that a very insignificant percentage of soils in particular villages constitute those of high cultivation difficulty. The area is clearly dominated by soils classified as the third and fourth degree of cultivation difficulty (Tab. 1). Their total area constitutes over 86% of the analyzed area; 49% of which includes third degree (moderately easy to cultivate), and slightly more than 37% are lands which are moderately difficult to cultivate.
Fig. 2. Soil cultivation difficulty -results for the commune of Tomice
Soils which are difficult to cultivate cover approx. 7% of the analyzed agricultural production area. In the case of Tomice, it can be noted that slope gradient is one of the key factors influencing the degree of soil cultivation difficulty. To a lesser extent, agronomic difficulties are determined by soil texture class, which in this case was less diversified. The highest percentage of moderately easy soils can be found in Tomice (more than 66%) and Zygodowice (more than 55%), whilst the largest surface area of moderately laborious soils is located in Witanowice (almost 50%). The characteristic areas excluded from the analysis were fish farms located in the valley of the meandering river and small forest complexes in different villages within the commune. Spatial policy of the commune should aim towards designating most difficult soils for non-agricultural purposes. Area of agricultural production
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[%] Degrees of soil cultivation: 1 -very easy soils, 2 -easy soils, 3 -moderately easy soils, 4 -moderately laborious soils, 5 -laborious soils, 6 -very laborious soils, 7 -extremely laborious soils. Difficulty of cultivation degrees: 1 -very easy, 2 -easy, 3 -quite easy, 4 -quite laborious, 5 -laborious, 6 -very laborious, 7 -extremely laborious. [ha]
[%] The conducted analysis of potential risk by surface water erosion shows that the degrees of risk differ across the whole commune area (Fig. 3 ).
An almost two-kilometre wide belt of the Skawa valley, as in the case of agro-technical difficulties, was partly excluded from the analysis and partly outside the area threatened by erosion. 88.5% of the agricultural production area in Tomice commune is threatened by surface water erosion. Agricultural production areas constitute 58% of the total commune are (Tab. 2). Almost 12% of agricultural production area in Tomice (which is 7.8% of the total area) was classified as land susceptible to erosion at 4th and 5th degree. The largest risk areas are located in Witanowice and Woźniki (over 11% of the total area in each of these villages). The occurrence of erosion in these degrees of severity is very unfavourable for the agricultural production area because of possible adverse effects, including the need for total exclusion of land from production and designating it for anti-erosion treatments or change of land use. The highest risk of surface water erosion can be registered in villages with variable relief configuration. As in the case of agronomic difficulties, the risk of erosion mainly depends on land relief.
Conclusions
The analysis of agricultural production area in the form of a model of cultivation difficulty and potential surface water erosion risks with the help of GIS tools makes it possible to define problem areas in a very accurate way. The presented impairment is related to the mechanical cultivation of land which constitutes the resources of agricultural production area. The conducted analysis can be a starting point for the development of effective erosion control programmes. It can be also helpful in making decision about the future allocation of land for specific purposes.
Having assessed the conducted analysis, it can be concluded that the important element of the model is the classification of soils in terms of susceptibility to flushing. In the case of agronomic difficulties, another important factor is the textural group in the arable layer of soil; however, the classification refers to the degree if soil gravity. Heavy soils (heavy clay, loam) are less susceptible to washing or erosion. Quite a different observation can be made in the case of loess soils -very susceptible to flushing. They are posed as an example of soils which are most susceptible to erosion; when it comes to agronomic difficulties, they have been classified in the fifth (common loess) and seventh (clayey loess) class of gravity, out of eight. Yet, in the case of area under research, hipsometric conditions were of key importance when in comes to cultivation difficulty and degrees of erosion risk. A specific area in both studies was located in the valley of the Skawa River. In physiographic terms, the flat valley differs significantly from the surrounding areas. In the case of the studied area, the largest percentage of agricultural production area is characterized by fourth and fifth degree of difficulty of cultivation (moderately easy soils and moderately laborious soils), and also second and third degree of surface water erosion risk (weak and moderate erosion).
